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IRRADIATED TUMOR CELL VACCINE 
ENGINEERED TO EXPRESS GM-CSF 

This is a continuation of application Ser. No. 07/956,624, 
?led Oct. 5, 1992, now abandoned, which is a continuation 
in-part of U.S. Ser. No. 07/771,194, ?led Oct. 4, 1991, now 
abandoned, the disclosure of which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention in all of its associated aspects 
relates to a method of altering an individual’s immune 
response to a target antigen or antigens. More particularly, 
the present invention is concerned with co-administering a 
target antigen and at least one cytokine, in such a manner as 
to either increase or decrease the individual’s immune 
response. Possible antigens include tumor cells, tumor cell 
antigens, infectious agents, foreign antigens, or non-foreign 
components. The invention also relates to methods and 
combinations for co-administering the antigens and the 
cytokines. 

BACKGROUND OF THE INVENTION 

The immune system plays a critical role in the pathogen 
esis of a wide range of important diseases and conditions, 
including infection, autoimmunity, allograft rejection and 
neoplasia. The shortcomings of the immune system in these 
disorders can be broadly considered as either the failure to 
develop a sufliciently potent response to a deleterious target 
or the inappropriate generation of a destructive response 
against a desirable target. Standard medical treatments for 
these diseases, including chemotherapy, surgery and radia 
tion therapy, have clear limitations with regard to both 
e?iciency and toxicity. While prevention of the disease or 
condition would be ideal, these approaches typically have 
met with little success. New strategies based on speci?c 
manipulation of the immune response are greatly needed. 

DESCRIPTION OF THE PRIOR ART 

For the convenience of the reader, the references referred 
to in the text are listed numerically in parentheses. These 
numbers correspond to the numerical references listed in the 
appended bibliography. By these references, they are hereby 
expressly incorporated by reference herein. 
The use of autologous cancer cells as vaccines to augment 

anti-tumor immunity has been explored throughout this 
century (1). However, the immunogenicity of cancer cells is 
generally too weak to elicit a pronounced immune reaction 
su?icient to overcome the disease. Patient responses to these 
“raw” vaccines are generally have been only partial and 
relatively shortlived. Strategies to improve the e?icacy of 
such vaccinations, including the use of non-speci?c immu 
nostimulants such as BCG and Cmynebacterium parvum, 
have resulted in little improvement. 
One approach has been to increase the immunogenicity of 

tumor cells by treating the cells in different ways. For 
example, US. Pat. No. 4,931,275 describes using as a 
vaccine either cells treated with pressure or cholesteryl 
hemisuccinate, or plasma membranes or membrane proteins 
from these cells. These methods attempt to enhance the 
exposure of surface antigens to render the antigens more 
immunogenic. 

Another approach focuses on the interaction of cytokines 
and the immune system. Cytokines and combinations of 
cytokines have been shown to play an important role in the 
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2 
stimulation of the immune system. For example, US. Pat. 
No. 5,098,702, describes using combinations of TNF, IL-2 
and IFN-B in synergistically effective amounts to combat 
existing tumors. US. Pat. No. 5,078,996 describes the 
activation of macrophage nonspeci?c tumoricidal activity 
by injecting recombinant GM-CSF to treat patients with 
tumors. 
A further expansion of this approach involves the use of 

genetically modi?ed tumor cells to evaluate the effects of 
cytokines on tumorigenicity. Since the doses of cytokines 
necessary to eifect tumor development are often systemi 
cally toxic, direct treatment of patients is frequently not 
feasible (see, for example, (2) and (3)). Therefore, other 
methods of cytokine delivery are being developed. Studies 
show that localized high concentrations of certain cytokines, 
delivered by genetically modi?ed cells, lead to tumor regres 
sion (4, 5). Such studies show that the transduction of 
murine tumor cells with various cytokine genes can lead to 
the rejection of the genetically modi?ed cells by syngeneic 
hosts. For example, growth of malignant mouse neuroblas 
toma cells injected into mice was strongly suppressed when 
the cells constitutively expressed 'y-IFN at high levels (4,6). 
Injection of mammary adenocarcinoma tumor cells express 
ing IL-4, mixed with a variety of nontransfected tumor cells, 
inhibited or prevented tumor formation of all types (7). 
Similar results are seen for IL-2 (8,9), TNF-ot (2,10,11), 
G-CSF (12), IE (13) , and IL-7 (14). 

Yet another approach involves the use of genetically 
modi?ed tumor cells as vaccines. Injection of tumor cells 
expressing IL-2 not only suppresses tumor formation ini 
tially but confers a short-lived systemic immunity as well, 
thus allowing the mice to reject a subsequent challenge of 
tumor cells (8). For example, mice were able to reject tumor 
cells injected two weeks after the vaccine but not at four 
weeks. This immunity is tumor speci?c in that other tumors 
grew normally when injected two weeks after the initial 
vaccine injection (8). Similar results are seen with TNF-ot, 
where animals that experience initial tumor rejection were 
challenged two weeks later and did not develop new tumors 
for at least 40 days (2). A somewhat longer systemic 
immunity is seen with IFN-y, with mice vaccinated with 
IFN-Y producing tumor cells successfully rejected unmodi 
?ed tumor cells injected 6 weeks later. 
The efficacy of these vaccines to stimulate the immune 

system to attack a previously growing tumor, which is the 
more desirable trait of the vaccine, is not as clear. For IL-4, 
IFN-y, and IL-2, injection of cytokine-producing tumor cells 
did not affect the growth of non-modi?ed tumor cells at a 
diiferent site on the animal. It is undocumented whether the 
non-modi?ed tumor cells were already established tumors, 
or cells that were simultaneously injected with the modi?ed 
cytokine producing tumor cells (7, 4, 9 and 8, respectively). 
In a single recent case, tumor cells engineered to secrete 
IL-4 successfully mediated rejection of established renal 
cancer cells (15). 

While these studies may suggest the potential use of gene 
transfer as a means of augmenting anti-tumor immunity, 
there are many problems with these systems. First of all, 
treating already existing cancers is one of the primary goals 
of the research. While the vaccine aspect of these methods 
is very important, particularly in precancerous patients, for 
example, or in cases where certain individuals acquire 
de?ned cancers (such as AIDS patients), the ability to treat 
existing cancers systemically is particularly appealing. 
Another problem is the relatively short period of efficacy for 
the vaccine; generally these vaccines have been effective 
only for tumor challenges at less than 2 to 6 weeks after 
vaccination. 
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Also, the mechanism by which engineered cytokine 
expression promotes such immunity is currently unclear. To 
date, for instance, none of the gene transfer studies have 
compared the e?icacy of such live vaccines to the immune 
response induced simply by the vaccination of hosts with 
non-transduced cells, either inactivated by Y-irradiation or 
other means, or by non-transduced cells that are surgically 
removed after implantation. This would appear to be quite 
important, since a large body of literature indicates that often 
such vaccination schemes alone can stimulate potent anti 
tumor immunity (16, 17, 18, 19). 

SUMMARY OF THE INVENTION 

The present invention is based on the determination that 
tumor cells expressing certain cytokines and combinations 
of cytokines can confer long term speci?c systemic immu 
nity to individuals receiving injections of such cells. From 
that ?nding, the present invention provides for the 
regulation, either in a stimulatory or suppressive way, of an 
individual’s immune response to a useful antigen. 
The method of the present invention is useful for preven 

tative purposes as well as therapeutic applications. That is, 
it is useful to protect an individual against development or 
progression of a tumor, bacterial or viral infection such as 
AIDS, rejection of transplanted tissue, or autoimmune con 
dition. The present invention may also ?nd utility in the 
reversal or suppression of an existing tumor, condition or 
disease, such as established tumors, bacterial or viral infec 
tions such as AIDS, transplanted tissue rejection, or autoim 
mune responses. In addition, the present invention may ?nd 
utility in the treatment of chronic and life threatening 
infections, such as the secondary infections associated with 
AIDS, as well as other bacterial, fungal, viral, parasitic and 
protozoal infections. A particular advantage of the present 
invention is that the cytokines may be selected to optimize 
effects in the individual and thus maximize the desired 
result. 
As one aspect of the present invention, there is disclosed 

a method for regulating the immune response of an indi 
vidual to a target antigen. The regulation is achieved by 
co-adrninistering to the individual the target antigen and at 
least one cytokine, adhesion or accessory molecules or 
combinations thereof, in such a manner that there is a 
systemic immune response. The antigen and the cytokine, 
adhesion or accessory molecules or combinations thereof, 
are co-administered in a therapeutically effective amount, 
which results in the systemic immune response. 

Another aspect of the present invention utilizes cells 
which express the target antigen and at least two cytokines, 
either naturally or as a result of genetic engineering, that can 
be administered to an individual whose immune response to 
the target antigen is to be regulated. For example, a tumor 
cell of the type against which an enhanced immune response 
is desired can be engineered to express the cytokines to be 
administered. The resulting genetically engineered tumor 
cell is used as a vaccine, to protect against future tumor 
development or as a delivery vehicle to result in the reversal 
of previously existing tumors. 

Speci?c aspects of the present invention utilize tumor 
cells expressing the two cytokines GM-CSF and IL-2, and 
utilizes melanoma cells as the tumor cells to be modi?ed. 

Another aspect of the present invention relates to the use 
of modi?ed tumor cells, expressing cytokines, which are 
irradiated or rendered proliferation incompetent prior to 
administration to an individual. These irradiated, modi?ed 
cells are administered in therapeutically effective amounts. 
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Administration of these cells results in the regulation, either 
as a stimulatory manner or a suppressive manner, of the 
individual’ s systemic immune response. Of particular utility 
are tumor cells expressing GM-CSF, and speci?cally mela 
noma cells expressing GM-CSF. Also of use in the present 
invention are irradiated tumor cells expressing GM-CSF 
IL-4, IL-6, CD2 and ICAM. 

In other aspects, the invention relates to the use of 
modi?ed tumor cells expressing cytokines for the reversal or 
suppression of pre-existing tumors. The tumor cells may 
express two cytokines, for example IL-2 and GM-CSF, or 
three cytokines, for example IL-2, GM-CSF, and TNF-ot. 
The third cytokine may also be IL-4, CD2 or ICAM. The 
tumor cells may also be irradiated or rendered proliferation 
incompetent by other means prior to administration. 

In another aspect, the present invention relates to the use 
of retroviral vectors to genetically engineer the cytokine 
expressing tumor cells. The invention may utilize a single 
infection of a tumor cell by a retroviral vector encoding a 
cytokine, or it may utilize multiple infections by retroviral 
vectors encoding different cytokines. 
A variety of retroviral vectors may be used. The MFG, 

ot-SGC, pLJ and pEm vectors are more fully disclosed in 
US. Ser. No. 07/786,015, ?led Oct. 31, 1991, now aban 
doned (PCT/US91/O8l21, ?led Oct. 31, 1991), incorporated 
herein by reference, and will ?nd particular utility in the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The ?le of this patent contains at least one drawing 
executed in color. Copies of this patent with the color 
drawing(s) will be provided by the Patent and Trademark 
Of?ce upon request and payment of the necessary fee. 

FIG. 1 schematically represents the recombinant retrovi 
ral vectors useful in the present invention. FIG. 1A shows a 
detailed representation of the MFG vector. FIG. 1B shows 
the pLJ vector. FIG. 1C shows the pEm vector. FIG. 1D 
shows the ot-SGC vector. 
FIG. 2: 

FIG. 2A graphically represents the ability of B16 mela 
noma cells expressing IL-2 to protect against subsequent 
challenge with wild-type B16 melanoma cells at various 
times after vaccination. 

FIG. 2B graphically represents the ability of B16 mela 
noma cells expressing Hi2 and a second cytokine (as 
indicated) after vaccination to protect against challenge with 
wild-type B16 melanoma cells. The symbol 0 represents the 
animals that succumbed to tumor challenge and the symbol 
O represents the animals protected from tumor challenge. 

FIG. 2C graphically represents the ability of B16 mela 
noma cells expressing IL-2 and GM-CSF and a third cytok 
ine (as indicated) to protect against subsequent challenge 
with wild-type B16 melanoma cells. 
FIG. 3: 

FIG. 3A graphically represents the ability of irradiated 
B16 melanoma cells expressing GM-CSF to protect against 
challenge with wild-type B16 melanoma cells. The symbol 
0 represents the animals that succumbed to tumor challenge 
and the symbol O represents the animals protected from 
tumor challenge. 

FIG. 3B graphically represents the ability of irradiated 
B16 melanoma cells expressing GM-CSF to protect against 
challenge with wild-type B16 melanoma cells either at 
varying doses or when mixed with non-transduced B16 
melanoma cells. The symbol 0 represents the animals that 
succumbed to tumor challenge and the symbol O represents 
the animals protected from tumor challenge. 



5,637,483 a 

5 
FIG. 3C graphically represents the ability of irradiated 

B16 melanoma cells expressing GM-CSF to increase the 
immune response after inoculation with live non-transduced 
B16 melanoma cells (pre-established tumor) as indicated. 
The symbol 0 represents the-animals that succumbed to 
tumor challenge and the symbol O represents the animals 
protected from tumor challenge. 

FIG. 4 graphically represents the ability of irradiated B16 
melanoma cells expressing a cytokine (as indicated) to 
protect against subsequent challenge with wild-type B16 
melanoma cells. The symbol 0 represents the animals that 
succumbed to tumor challenge and the symbol 0 represents 
the animals protected from tumor challenge. 

FIG. 5 pictorially represents the histological analysis of 
the site of B16 melanoma vaccination. FIG. 5A shows the 
site of irradiated GM-CSF transduced tumor vaccination. 
FIG. 5B shows the site of irradiated non-transduced tumor 
vaccination site. FIG. 5C shows the draining lymph node 
from the irradiated GM-CSF transduced tumor vaccination. 
FIG. 5D shows the draining lymph node from the irradiated 
non-transduced tumor vaccination. FIG. 5B shows the chal 
lenge site of a mouse vaccinated with irradiated GM-CSF 
transduced tumor cells. FIG. 5F shows the challenge site of 
a mouse vaccinated with irradiated non-transduced tumor 
cells. FIG. 5G shows the challenge site in a naive mouse. 
FIG. 6: 

FIG. 6A graphically represents the contribution of lym 
phocyte subsets to systemic immunity generated by irradi 
ated GM-CSF transduced B16 melanoma cells. The symbol 
0 represents the animals that succumbed to tumor challenge 
and the symbol O represents the animals protected from 
tumor challenge. 

FIG. 6B graphically represents the CD8 blockable CTL 
activity, determined by a 4 hour 51Cr release assay on 
gamma-interferon treated B16 target cells at various e?ec 
tor:target ratios. Fourteen days after vaccination with either 
irradiated GM-CSF transduced or non-transduced B16 cells, 
splenocytes were harvested and stimulated in vitro for 5 
days with gamma-interferon treated B16 cells. 

FIG. 7 graphically represents the immunogenicity of 
irradiated, non-transduced murine tumor cell lines used in 
previous cytokine transfection studies. The symbol 0 rep 
resents the animals that succumbed to tumor challenge and 
the symbol O represents the animals protected from tumor 
challenge. 

FIG. 8 graphically represents the ability of GM-CSF to 
enhance the systemic immunity of irradiated tumor cells of 
the types indicated relative to non-transduced irradiated 
tumor cells. The symbol 0 represents the animals that 
succumbed to tumor challenge and the symbol 0 represents 
the animals protected from tumor challenge. 

FIG. 9 graphically represents the effect of B16 melanoma 
cells expressing IL-Z, GM-CSF and a third cytokine, as 
indicated, on a pre-existing tumor. The symbol 0 represents 
the animals that succumbed to tumor challenge and the 
symbol I represents the animals protected from tumor 
challenge. 

DEFINITIONS 

By the term “regulating the immune response” or gram 
matical equivalents, herein is' meant any alteration in any 
cell type involved in the immune response. The de?nition is 
meant to include an increase or decrease in the number of 
cells, an increase or decrease in the activity of the cells, or 
any other changes which can occur within the immune 
system. The cells may be, but are not limited to, T 
lymphocytes, B lymphocytes, natural killer (NK) cells, 
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6 
macrophages, eosinophils, mast ‘cells, dendritic cells, or 
neutrophils. The de?nition encompasses both a stimulation 
or enhancement of the immune system to develop a suf? 
ciently potent response to a deleterious target, as well as a 
suppression of the immune system to avoid a destructive 
response to a desirable target. In the case of stimulation of 
the immune system, the de?nition includes future protection 
against subsequent tumor challenge. ’ 

By the term “cytokine” or grammatical equivalents, 
herein is meant the general class of hormones of the cells of 
the immune system, both lymphokines and monokines, and 
others. The de?nition is meant to include, but is not limited 
to, those hormones that act locally and do not circulate in the 
blood, and which, when used in accord with the present 
invention, will result in an alteration of an individual’s 
immune response. The cytokine can be, but is not limited to, 
IL-2, IL-4, IL-6, IL-7, GM-CSF, y-IFN, INF-0t, CD2 or 
ICAM. Additionally, cytokines of other mammals with 
substantial homology to the human forms of IL-2, GM-CSF, 
TNF-ot, and others, will be useful in the invention when 
demonstrated to exhibit similar activity on the immune 
system. Similarly, proteins that are substantially analogous 
to any particular cytokine, but have relatively minor changes 
of protein sequence, will also ?nd use in the present inven 
tion. It is well known that some small alterations in protein 
sequence may be possible without disturbing the functional 
abilities of the protein molecule, and thus proteins can be 
made that function as cytokines in the present invention but 
dilfer slightly from current known sequences. Finally, the 
use of either the singular or plural form of the word 
“cytokine” in this application is not determinative and 
should not limit interpretation of the present invention and 
claims. In addition to the cytokines, adhesion or accessory 
molecules or combinations thereof, may be employed alone 
or in combination with the cytokines. 
By the term “antigen from a tumor cell” or grammatical 

equivalents, herein is meant any protein, carbohydrate or 
other component capable of eliciting an immune response. 
The de?nition is meant to include, but is not limited to, using 
the whole tumor cell with all of its associated antigens as an 
antigen, as well as any component separated from the body 
of the cell, such as plasma membranes, proteins puri?ed 
from the cell surface or membrane, or unique carbohydrate 
moieties associated with the cell surface. The de?nition also 
includes those antigens from the surface of the cell which 
require special treatment of the cells to access. 
By the term “systemic immune response” or grammatical 

equivalents herein is meant an immune response which is 
not localized, but affects the individual as a whole, thus 
allowing speci?c subsequent responses to the same stimulus. 
By the term “co-administering” or grammatical equiva— 

lents herein is meant a process whereby the target antigen 
and the selected cytokine or cytokines are encountered by 
the individual’s immune system at essentially the same time. 
The components need not be administered by means of the 
same vehicle. If they are administered in two separate 
vehicles, they must be administered su?iciently closely, both 
in time and by route of administration, that they are encoun 
tered essentially simultaneously by the individual’s immune 
system to achieve the desired speci?city. 
By the term “reversal of an established tumor” or gram 

matical equivalents herein is meant the suppression, 
regression, partial or complete disappearance of a pre 
existing tumor. The de?nition is meant to include any 
diminution in the size, potency, growth rate, appearance or 
feel of a pre-existing tumor. 
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By the term “therapeutically effective amount” or gram 
matical equivalents herein refers to an amount of the prepa 
ration that is suf?cient to regulate, either by stimulation or 
suppression, the systemic immune response of an individual. 
This amount may be different for different individuals, 
different tumor types and different cytokine preparations. 
By the term “rejection” or grammatical equivalents herein 

is meant a systemic immune response that does not allow the 
establishment of new tumor growth. 
By the term “challenge” or grammatical equivalents 

herein is meant a subsequent introduction of tumor cells to 
an individual. Thus a “challenge dose 5 days post vaccina 
tion” means that on the ?fth day after vaccination with tumor 
cells expressing cytokines or irradiated tumor cells, or both, 
a dose of unmodi?ed tumor cells was administered. “Chal 
lenge tumor” means the tumor resulting from such chal 
lenge. 
By the term “days to sacri?ce” or grammatical equiva 

lents herein is meant that period of time before mice were 
sacri?ced. Generally, mice were sacri?ced when challenge 
tumors reached 2-3 centimeters in longest diameter, or if 
severe ulceration or bleeding developed. 
By the term “irradiated cells" or “inactivated cells” or 

grammatical equivalents herein is meant cells inactivated by 
rendering them proliferation incompetent by irradiation. 
This treatment results in cells which are unable to undergo 
mitosis, but still retain the capability to express proteins such 
as cytokines. Typically a minimum dose of about 3500 rads 
is su?icient, although doses up to about 30,000 rads are 
acceptable. It is understood that irradiation is but one way to 
inactivate the cells, and that other methods of inactivation 
which result in cells incapable of cell division but that retain 
the ability to express cytokines are included in the present 
invention. 
By the term “individual” or grammatical equivalents 

herein is meant any one individual mammal. 

DESCRIPTION OF DEPOSITS 

On Oct. 3, 1991, applicants deposited with the American 
Type Culture Collection, Rockville, Md. USA (ATCC) the 
plasmid MFG with the factor VIII insertion, described 
herein ATCC accession no. 68726, plasmid MFG with the 
tPA insertion, given ATCC accession no. 68727, the plasmid 
ot-SGC, described herein, with the factor VIII insertion, 
given ATCC ascession no. 68728, and plasmid ot-SGC with 
the WA insertion, given ATCC accession no. 68729. On Oct. 
9, 1991, applicants deposited with the ATCC the plasmid 
MFG, described herein, given ATCC accession no. 68754, 
and plasmid Ot-SGC, described herein and given ATCC 
accession no. 68755. These deposits were made under the 
provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the pur 
poses of patent procedure and the Regulations thereunder 
(Budapest Treaty). This assures maintenance of a viable 
culture for 30 years from the date of deposit. The organisms 
will be made available by the ATCC under the terms of the 
Budapest Treaty, and subject to an agreement between 
applicants and ATCC which assures unrestricted availability 
upon issuance of the pertinent U.S. patent. Availability of the 
deposited strains is not be construed as a license to practice 
the invention in contravention of the rights granted under the 
authority of any government in accordance with its patent 
laws. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a method of regulating the 
immune response of an individual to target antigens by 
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8 
administering a mixture of the target antigen or antigens and 
a cytokine or cytokines, in such a manner that the immune 
system of the individual is either stimulated or suppressed. 
In either case, the present invention provides a means of 
controlling the activity of the cytokines with the result that 
they provide an unusual protective or therapeutic effect. 

In one embodiment of the present invention, the target 
antigen and one or more cytokines, adhesion or accessory 
molecules or combinations thereof, are administered to an 
individual in a chemical composition which provides for 
transfer or release of the cytokines, adhesion or accessory 
molecules or combinations thereof, in direct proximity or in 
combination with the target antigen. The two components 
need not be administered in the same vehicle. If they are 
administered in two separate vehicles, they must be admin 
istered su?iciently closely, both in time and by route of 
administration, that they are encountered essentially simul 
taneously by the individual’s immune system. That is, the 
cytokines, adhesion or accessory molecules or combinations 
thereof, can be co-administered with the target antigen in 
any manner which provides transfer or delivery of the 
cytokine in the context of the target antigen in relation to 
which the immune response is to be regulated. For example, 
this can be accomplished by using slow or sustained release 
delivery systems, or direct injection. As a result of this 
co-administration, the nonspeci?c cytokine has the speci?c 
effect of amplifying or altering the speci?c immune response 
to the target antigen. The emphasis is on local interaction of 
the cytokine and the target antigen to mimic the physiologi» 
cal occurrence of simultaneous presentation of cytokine and 
antigen, to maximize e?icacy and minimize toxicity. 

In a preferred embodiment, cells which express the target 
antigen, such as tumor cells, are themselves genetically 
engineered to express the cytokines to be administered. The 
resulting modi?ed tumor cells presents to the host immune 
system not only the antigen against which an immune 
response is sought, but also the cytokines, adhesion or 
accessory molecules or combinations thereof, whose expres 
sion determines the type and extent of the resulting immune 
response. Alternatively, cells that naturally express the target 
antigen and the cytokines can be used. The resulting cells, 
which express both the target antigen and the cytokines, can 
be used as a vaccine, to protect against future tumor devel 
opment or as a delivery vehicle to result in the reversal of 
previously existing tumors. Conversely, a target antigen 
against which a decreased immune response is sought can be 
used in conjunction with the appropriate cytokine mixture. 

In one embodiment, the individual’s systemic immune 
response is increased or enhanced beyond that which would 
occur in the absence of the co~adrninistered molecules. The 
systemic response is su?icient for the target antigen, such as 
the tumor cells, to be rejected by the individual. 

In another embodiment, the individual’s systemic 
immune response is reduced or suppressed, either partially 
or completely, to such an extent that the target antigen, such 
as antigens on transplanted cells or tissue, or cells of the 
individual incorrectly recognized as foreign, is not rejected 
by the individual, or is rejected to a lesser extent than would 
occur if the present method were not used. 

In one embodiment of the present invention, the target 
antigen can be a tumor cell, a tumor cell antigen, an 
infectious agent or other foreign agent against which an 
enhanced immune response is desired. For example, any 
antigen implicated in the progression of a chronic and life 
threatening infection, such as the AIDS virus or a secondary 
infection associated with AIDS, or other bacterial, fungal, 




















